Eight phages lysogenic for Bacillus thuringiensis var. galleriae which elicit the lytic response in B. thuringiensis var. subtoxicus were isolated by induction of the host strains. We have divided these phages into three groups: group I, phages GT-t to GT-5; group II, GT-6 and GT-7; group IlI, GT-8. The following properties of the phages were examined: morphology, host range, serum neutralization, adsorption rates, one-step growth characteristics and thermal inactivation rates. The three groups are readily distinguishable on the basis of morphology and host range. Group II and III show a high degree of homology in regard to their host range, serum neutralization, one-step growth and thermal inactivation characteristics. The phages bear a certain resemblance to previously reported virulent phages of B. thuringiensis
INTRODUCTION
In a previous paper (Colasito & Rogoff, 1969) we characterized six virulent bacteriophages which use Bacillus thuringiensis as a host. As part of an investigation into the genetics of this group of bacilli, we have begun to study those phages which are capable of lysogenizing with appropriate host strains. This paper reports the characteristics of eight of the temperate phages isolated by various induction procedures in the course of our studies. Temperate phages have not been previously reported for
B. thuringiensis.

METHODS
Bacterial cultures
The bacterial cultures used to obtain the lysogenic phages were derivatives and include a type species of Bacillus thuringiensis var. galleriae, esterase type 5, serotype V according to the taxonomic key of de Barjac & Bonnefoi (I967) . Several of the strains are resistant to one or more of the virulent phages GV-I to GV-6 described in the preceding paper (Colasito & Rogoff, 1969) . One strain which yielded phage GT-2 is a mutant of the type species with an impaired sporulation capability. The cultures were all carried routinely on nutrient agar (Difco) slants, and all culture and induction studies were made in nutrient broth (Difco). Tube cultures were incubated at 30o on a New Brunswick roller drum at maximum rotation speed.
The isolated phages were numbered according to the following system: the letter G indicates isolation from var. galleriae; T indicates that the phages are temperate.
After characterization of morphology, numbers were assigned in order of isolation; the phages are numbered GT-I to GT-8.
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Induction methods Ultraviolet induction. Nutrient broth tubes were inoculated with 25 ~o of their volume of a 16 hr broth culture treated by ultrasonic vibration. The inoculated tubes were incubated for 9 ° min. Eleven ml. of the cell suspension were then placed in a pressed-bottom glass Petri dish and exposed to u.v. irradiation from a 15 w General Electric germicidal lamp held 70 cm. from the broth surface. An exposure period of 3o to 4o sec. was usually sufficient to induce lysis. Five ml. of the irradiated broth was then added to a tube containing 5"o ml. of fresh broth and the culture incubated at 3o ° on a roller drum until lysis was complete. The course of cell lysis was followed by measurement of optical densities in a Lumetron colorimeter in subdued light. Foilshielded tubes were used for all manipulations after exposure to irradiation.
Hydrogen peroxide induction. The method used was that of Stickle, Tucker & Kay (I965). Tube cultures were incubated until an optical density equivalent to lO 8 organisms/ml, was reached. Sufficient 30 ~ hydrogen peroxide was then added to give a final concentration of 0"44 mM/ml. The treated broths were incubated at 3 °0 with rotation until lysis was complete.
Mitomycin C induction. The method of Seaman, Tarmy &Marmur (1964) was followed. Tube cultures were grown by an optical density equivalent to lO 6 organisms/ml. Mitomycin C was added to give a final concentration of 3"0 #g./ml. and the cultures were incubated for IO rain. The cells were removed from the mitomycin C broth by centrifugation and resuspended in the original volume of fresh broth. Incubation with rotation at 3 °0 was continued until lysis was complete. Samples for electron micrographs were prepared from induced lysates. The lysates were cleared of bacterial debris by centrifugation and were used immediately to prepare grids for observation. Grid preparation was described by Colasito & Rogoff (I969), as were the methods used in the host-range studies, phage-adsorption, one-step growth studies, serum neutralization tests and heat inactivation studies. Cultures for host-range studies included a large number of crystalliferous bacilli from the International Minerals and Chemical Corporation insect pathogen collection. One of these, a strain of Bacillus thuringiensis var. subtoxicus, NRS I I24, gave a lytic response with all of the induced temperate phages against which it was tested. Strain 1124 was therefore used as a host or indicator culture in the subsequent studies and was used as host in the phage adsorption and one-step growth experiments.
Antisera for serum neutralization studies with these temperate phages were prepared in guinea pigs. Antigens consisted of freshly prepared debris-free induced lysates which were adjusted to contain about IO 9 phage particles/ml. Three intraperitoneal injections were given of I.O ml. of antigen + 1 ml. of Freund's adjuvant. The second injection was I week after the first, and the last injection followed 21 days later. The animals were bled 3 days after the final injection and the antisera prepared in the usual manner.
RESULTS AND DISCUSSION
Bacteriophage morphology
Electron micrographs of the temperate phages were made from freshly prepared induced lysate material (Colasito & Rogoff, 1969) . The eight phages fell into three morphological groups (PI. I). Group I included phages GT-I to GT-5. These phages, of which GT-4 is an example, are of the polyhedral-head, contractile-tail variety. Characterization of temperate bacteriophages of B. thuringiensis 277 Group II, comprising phages GT-6 and GT-7, is characterized by a polyhedral head, and non-rigid tail and a conspicuous end-apparatus on the tail. GT-8 was the sole representative of group III and is a shorter-tailed phage with a round head. The straight tail ends in a knob-like apparatus. Dimensions of the phages are given in Table I . The group I GT phages look very like the virulent phage GV-6. There is a very close similarity between head size and shape (GV-6 head = 920 ]~ x 850 ~), contracted state of the tail, apparatus on the end of the contractile portion of the tail, and tendency to form 'rosettes' by tail-to-tail proximity. The group II phages, GT-6 and 7, have a polyhedral head which may be octahedral, though this is by no means certain. The tail is not perfectly straight, and terminal structures are readily visible. The tails of these phages have never been observed in a contracted state. GT-6 and GT-7 resemble Chapman & Norris's Bacillus thuringiensis phage 1II (I966) in the uncontracted tail state even more closely than do our group I phages.
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Phage GT-8 is a small round-headed straight-tailed phage morphologically similar to our GV-t, 2 and 4 (Colasito & Rogoff, i969), except for a somewhat shorter tail. No other structural features, other than what appears to be a terminal apparatus on the tail, are apparent.
Host range
A number of crystalliferous bacilli and several non-crystalliferous types were examined for their ability to give a lytic response to infection with the GT phages ( Table 2 ). The method used to obtain the data under unequivocal conditions was described by Colasito & Rogoff 0969). Phages of similar morphology had the same host range. No aberrant out-of-group reactions were observed. An immunological relationship between groups is also indicated by mutual resistance to superinfection of the normal lysogenic host by any of the other phages isolated. It is interesting that virulent phage GV-6 could be distinguished from phages GT-I to with which it is morphologically identical, by host resistance to the latter phages. Bacillus thuringiensis var. subtoxicus can be distinguished from var. entomocidus by the former's susceptibility to phage GT-8, a potentially useful taxonomic tool.
There was a high degree of serological homology within the group I GT phages, within the group II phages, and surprisingly high homology between group II and group Ill (GT-8) considering the morphological difference between these two groups (Table 3 ). There were sufficient differences between the serum neutralization patterns to allow the sera to be used as a tool to distinguish between most of the phages under study. Phages GT-6 and GT-7 could be distinguished by reaction differences with 
B. cereus
B-3o-2~:
• Czechoslovakian Collection of Entomogenous Bacteria. "~ GT-phage donor. , NURL. antiserum against GT-2. Phages GT-I to GT-4 could be identified by cross-reactions with antisera against GT-6, 7 and 8. For the present, cross-neutralization is not a satisfactory criterion for distinguishing between GT-I and GT-5 since they react identically. Strain 1124 had a high adsorption efficiency for all of the GT phages (Table 4) .
One-step growth characteristics
One-step growth experiments were made with all the phages to determine latent period and average burst size (Table 5) . Cultures were grown in nutrient broth (Difco) supplemented with o-ooi M-CaCI~ and M.O.I. < I was used. Incubation in roller tubes at 3o ° followed a 2o min. adsorption period. The latent periods were even longer than 
Thermal inactivation
At 60 ° the phages fell into two thermal inactivation groups similar to the groups defined by neutralization (Fig. I) . 
